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DOOR\VLVGLPSOHIUDFWXUH7KHFKDQJHRIPLFURKDUGQHVVDW WKH70$=+$=LQWHUIDFHRQWKH$$7VLGHLV
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 ZKHUHDV WKLV YDULDWLRQ ZDV PXFK
KLJKHULQWKH7VLGH7KLVPD\EHGXHWRWKHWKHUPDOF\FOHLQWKH+$=RIWKHZHOGZKLFKLVPRUHLQIOXHQFHG
GXHWRRYHUDJLQJRIVWUHQJWKHQLQJSUHFLSLWDWLRQVRI $$7WKDQLQ$$77KHVORSHRIWKHKDUGQHVV
YDULDWLRQYDULDWLRQVFXUYH JRHVGRZQE\GHFUHDVLQJ WKHGLVWDQFH IURP WKHZHOGFHQWUH7KHPLFURKDUGQHVVFXUYH
EHFRPHVVPRRWKHUDIWHUDFHUWDLQSRLQWDQGLWLVFORVHUWRWKHZHOGFHQWUHDVWKHZHOG VSHHGGHFUHDVHGDQGDOVRWKH
VL]HRI+$=GHFUHDVHVZKHQWKHZHOGLQJVSHHGLQFUHDVHV
 (IIHFWRISURFHVVSDUDPHWHUVRQWHQVLOHVWUHQJWK
,W LV REVHUYHG WKDW RI DOO WKH ZHOGHG SODWHV WKH SODWH ZHOGHG ZLWK USP WRRO URWDWLRQDO VSHHG PPPLQ
ZHOGLQJVSHHG DQG7&7WRROVKRZVEHWWHUPLFURKDUGQHVVYDOXHDWWKH6=DQGKLJKHUWHQVLOHVWUHQJWK,WLVREVHUYHG
WKDWPRVWRIWKHVSHFLPHQVIDLOHGLQWKH+$=UHJLRQRIWKH$$VLGHDQGDIHZRIWKHPIDLOHGLQ6=UHJLRQ7KH
MRLQWV IDEULFDWHG ZLWK USP WRRO URWDWLRQDO VSHHG PPPLQ ZHOGLQJ VSHHG DQG 767 WRRO VKRZHG ORZ WHQVLOH
VWUHQJWK7HQVLOHVWUHQJWKLQFUHDVHVZLWKLQFUHDVHLQURWDWLRQDOVSHHGXSWRUSPDIWHUWKDWLWGHFUHDVHV7KHWHQVLOH
VWUHQJWKILUVWLQFUHDVHVWRDPD[LPXPYDOXHDQGDIWHUZDUGVVKRZD GHFUHDVHZLWKLQFUHDVLQJWKHURWDWLRQDOVSHHGDWD
JLYHQZHOGLQJ VSHHGRU WRROSLQSURILOH RI WKH IULFWLRQ VWLUZHOGHG MRLQWV*HQHUDOO\ WKH WHQVLOH VWUHQJWK LV SRRU DW
ORZHU URWDWLRQDO VSHHGV GXH WR LQDGHTXDWH WRRO VWLUULQJ DFWLRQ:LWK WKH LQFUHDVH RI URWDWLRQDO VSHHG IRU D FHUWDLQ
UDQJH WKH VWUDLQ KDUGHQLQJ HIIHFW LQGXFHG E\ WRRO VWLUULQJ DFWLRQ LQFUHDVHV WHQVLOH VWUHQJWK EXW WKH WHQVLOH VWUHQJWK
ORZHUVVLJQLILFDQWO\ZLWKDQLQFUHDVHRIURWDWLRQDOVSHHGWRDUDWKHUKLJKYDOXHGXHWRH[FHVVKHDWLQSXWUHVXOWVLQUH
SUHFLSLWDWLRQUHGXFWLRQLQGLVORFDWLRQGHQVLW\DQGFRDUVHQLQJRIVWUHQJWKHQLQJSUHFLSLWDWHV7KHYDULDWLRQLQWHQVLOH
VWUHQJWKYDOXHDWGLIIHUHQWURWDWLRQDOVSHHGIRUDWRROSLQSURILOHLVGXHWRWKHYDULDWLRQRIPDWHULDOIORZDQGIULFWLRQDO
KHDWJHQHUDWHG)RUDJLYHQURWDWLRQDOVSHHGRUWRROSLQSURILOHVWKHLQFUHDVHRIZHOGLQJVSHHGLQFUHDVHVWKHWHQVLOH
VWUHQJWKWRDFHUWDLQYDOXHDQGIXUWKHULQFUHDVHRIZHOGLQJVSHHGUHVXOWVLQWKHGHFUHDVHLQWKHWHQVLOHVWUHQJWKRIWKH
IULFWLRQVWLUZHOGHGMRLQWV$OOWKHWKUHHGLIIHUHQWWRROV\LHOGORZHUWHQVLOHVWUHQJWKDWWKHORZHVWZHOGLQJVSHHGRI
PPPLQ
 $VVLJQPHQWVRIZHLJKWVPHWKRG
,Q DVVLJQPHQW RI ZHLJKWV PHWKRG WKH PXOWL ± UHVSRQVH SUREOHP LV FRQYHUWHG LQWR D VLQJOH UHVSRQVH SUREOHP
6XSSRVHZHKDYH WZRUHVSRQVHV LQDSUREOHP/HW: EH WKHZHLJKWDVVLJQHG WRVD\ WKHILUVW UHVSRQVH5 WHQVLOH
VWUHQJWKDQG: EHWKHZHLJKWDVVLJQHGWRWKHVHFRQGUHVSRQVH5 +DUGQHVV7KHVXPRIWKHZHLJKWHGUHVSRQVH
:ZLOOEHWKHVLQJOHUHVSRQVHZKHUH
: :5:5
7KLV : LV WHUPHG0XOWL 5HVSRQVH3HUIRUPDQFH ,QGH[ 053,8VLQJ WKLV053, WKH SUREOHP LV VROYHG DV D
VLQJOH UHVSRQVH SUREOHP ,Q WKLV DSSURDFK WKH PDMRU LVVXH LV WKH PHWKRG RI GHWHUPLQLQJ WKH ZHLJKW IURP WKH
OLWHUDWXUHUHYLHZLQGLFDWHVWKDWVHYHUDODSSURDFKHVKDYHEHHQXVHGWRREWDLQ053,7KHIROORZLQJIDFWRUVDQGOHYHOV
VHOHFWHGZHUH OLVWHG LQ7DEOH7KH H[SHULPHQWDO UHVXOWV DUH VKRZQ LQ7DEOH7KHUH DUH WZR UHVSRQVHV7HQVLOH
6WUHQJWK76DQGWKHVHFRQGLVWKH+DUGQHVV+%RWKWKHUHVSRQVHVZHUHDQDO\]HGZLWKODUJHU ± WKHEHWWHUW\SHRI
TXDOLW\FKDUDFWHULVWLFV
7KHZHLJKWVDUHGHWHUPLQHGDVIROORZV)RU76DQG+/DUJHU ± WKHEHWWHUFKDUDFWHULVWLFVWKHLQGLYLGXDOUHVSRQVH
GDWDLVGLYLGHGE\WKHWRWDOUHVSRQVHYDOXHگ76	گ+ 7KDWLVIRUHDFKUHVSRQVHGDWDWHQVLOHVWUHQJWKDQG
KDUGQHVVLVREWDLQHGDQGWKHQ:76 DQG:+ DUHFRPSXWHG
1RWHWKDW :76  76گ76:+  +گ+
053,L  :<:<««:M<LM
:KHUH 053,L  053,RIWKHLWKWULDOH[SHULPHQW
:M  :HLJKWRIWKHMWK UHVSRQVHGHSHQGHQWYDULDEOH
<LM  2EVHUYHGGDWD RIWKHLWK WUDLO H[SHULPHQWXQGHUMWK UHVSRQVH 7KHZHLJKWDQG053,YDOXHVIRUDOOWKHWULDOV
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DUHJLYHQ LQ WKH 7DEOH  )URPHDFK OHYHO053,ZHLJKWHG VFRUH RSWLPDO OHYHO DUH LGHQWLILHGEDVHGRQPD[LPXP
053,YDOXH IURPWKH 7DEOH  ZKHUH $% DQG& DUH WKH RSWLPXPOHYHO RISURFHVVSDUDPHWHUV
7DEOH  :HLJKWVDQG053,YDOXHV RIDVVLJQPHQWRIZHLJKWDJHPHWKRG
7UDLOQR 7HQVLOHVWUHQJWK 76 +DUGQHVV + :76 :+ 053,
     
     
     
     
     
     
     
     
     
7KHZHLJKWVDUHGHWHUPLQHGDVIROORZV)RU76DQG+/DUJHU ± WKHEHWWHUFKDUDFWHULVWLFVWKHLQGLYLGXDOUHVSRQVH
GDWDLVGLYLGHGE\WKHWRWDOUHVSRQVHYDOXHگ76	گ+ 7KDWLVIRUHDFKUHVSRQVHGDWDWHQVLOHVWUHQJWKDQG
KDUGQHVVLVREWDLQHGDQGWKHQ:76 DQG:+ DUHFRPSXWHG
1RWHWKDW :76  76گ76:+  +گ+
053,L  :<:<««:M<LM
:KHUH 053,L  053,RIWKHLWKWULDOH[SHULPHQW
:M  :HLJKWRIWKHMWK UHVSRQVHGHSHQGHQWYDULDEOH
<LM  2EVHUYHGGDWDRIWKHLWK WUDLO H[SHULPHQWXQGHUMWK UHVSRQVH 7KHZHLJKWDQG053,YDOXHVIRUDOOWKHWULDOV
DUHJLYHQ LQ WKH 7DEOH  )URPHDFK OHYHO053,ZHLJKWHG VFRUH RSWLPDO OHYHO DUH LGHQWLILHGEDVHGRQPD[LPXP
053,YDOXH IURPWKH 7DEOH  ZKHUH $% DQG& DUH WKH RSWLPXPOHYHO RISURFHVVSDUDPHWHUV
7DEOH  2SWLPXP SURFHVVSDUDPHWHUV RIDVVLJQPHQWRIZHLJKWDJHPHWKRG
)DFWRU
/HYHO
  
$   
%   
&   
 'DWDHQYHORSPHQWDQDO\VLVEDVHGUDQNLQJPHWKRG
'DWD HQYHORSPHQW DQDO\VLV UDQNLQJ '($5 DSSURDFK LV DQ HIIHFWLYH PHDQV RI RSWLPL]LQJ WKH PXOWLUHVSRQVH
SUREOHP,WLQFOXGHVDVHULHVRIVWHSVIURPWKHSURSRVHGDSSURDFKZKLFKDUHFDSDEOHRIGHFUHDVLQJXQFHUWDLQW\FDXVHG
E\HQJLQHHULQJMXGJHPHQWLQWKH7DJXFKLPHWKRGFRQFOXGLQJWKDWWKH'($5DSSURDFKLVPRUHSRZHUIXOIRUSUDFWLFDO
DSSOLFDWLRQV +XQJ ± &KDQJ DQG <DQ ± .ZDQJ  SURSRVHG D 'DWD (QYHORSPHQW $QDO\VLV EDVHG 5DQNLQJ
'($5PHWKRGIRURSWLPL]LQJPXOWLUHVSRQVH7DJXFKLH[SHULPHQW,QWKLVPHWKRGDVHWRIRULJLQDOUHVSRQVHVDUH
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PDSSHGLQWRDUDWLRZHLJKWHGVXPRIUHVSRQVHVZLWKODUJHU ± WKHEHWWHULVGLYLGHGE\WKHZHLJKWHGVXPRIUHVSRQVHV
ZLWKWKHVPDOOHU ± WKHEHWWHURUQRUPDO ± WKHEHVWVRWKDWWKHRSWLPDOOHYHOFDQEHEDVHGRQWKLVUDWLR 7KLVUDWLRFDQ
EHWUHDWHGDVHTXLYDOHQWWR053,
7KHIROORZLQJVWHSVIRU'($5DQDO\VLV
6WHS'HWHUPLQHWKHZHLJKWVDVVRFLDWHGZLWKHDFKUHVSRQVHIRUDOOH[SHULPHQWVXVLQJDQDSSURSULDWHZHLJKWLQJ
WHFKQLTXH
6WHS7UDQVIRUPWKHREVHUYHGGDWDRIHDFK UHVSRQVHLQWRZHLJKWHGGDWDE\PXOWLSO\LQJWKHREVHUYHGGDWDZLWK
LWVRZQZHLJKW
7DEOH  :HLJKWVDQG053,YDOXHV RI'($UDQNLQJPHWKRG
7ULDO
1R 7HQVLOHVWUHQJWK76
+DUGQHVV
+ :76 :+
3
76[:76
4
+[:+
053,
34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6WHS 'LYLGH WKHREVHUYHGGDWDRI ODUJHU ± WKHEHWWHU W\SHZLWKZHLJKWHGGDWDRIVPDOOHU ± WKHEHWWHU W\SHRU
QRUPDO ± WKHEHVWW\SH
6WHS7UHDWWKHYDOXHREWDLQHGLQ6WHSDV053,DQGREWDLQWKHVROXWLRQVKRZQLQ7DEOH
7DEOH  2SWLPXP/HYHO SURFHVVSDUDPHWHUVRI'($UDQNLQJPHWKRG
)DFWRU
/HYHO
  
$   
%   
&   
7DEOH  2SWLPXP SURFHVVSDUDPHWHUV YDOXHRI$VVLJQPHQWRIZHLJKWDJH	'($UDQNLQJ PHWKRGV
)DFWRU $VVLJQPHQWRIZHLJKWDJHPHWKRG '($ UDQNLQJPHWKRG
$  
%  
&  
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7KHZHLJKWDQG053,YDOXHV IRUDOO WKH WULDOVDUHJLYHQ LQ WKH7DEOH)URPHDFK OHYHO053,ZHLJKWHGVFRUH
RSWLPDOOHYHODUHLGHQWLILHGEDVHGRQPD[LPXP053,YDOXHIURPWKH7DEOHZKHUH$%DQG&DUHWKHRSWLPXP
OHYHO RI SURFHVV SDUDPHWHUV 7DEOH  VKRZV WKH FRPSDULVRQ RI RSWLPXP SURFHVV SDUDPHWHUV YDOXH IRU ERWK WKH
PHWKRGV7KHSUHGLFWHGFRPELQDWLRQVDUH$ USP% PPPLQDQG& 7&7IRUWRREWDLQPD[LPXP
UHVSRQVH YDOXHV 7KH FRQILUPDWRU\ H[SHULPHQW ZLWK WKH DERYH SUHGLFWHG SURFHVV SDUDPHWHU FRPELQDWLRQ \LHOGV
UHVSRQVHVWHQVLOHVWUHQJWKDV03DDQGKDUGQHVVDV9+1
 &RQFOXVLRQV
,QWKLVZRUNDPXOWLSOHUHVSRQVHSUREOHPWDNHQZLWKWKUHHLQGHSHQGHQWYDULDEOHVDQGLWZDVIRUPXODWHGE\'($
5DQN EDVHG PHWKRG DQG FRPSDUHG ZLWK $VVLJQPHQW :HLJKWDJH PHWKRG E\ WKHLU RZQ SURFHGXUH XVLQJ )6:
H[SHULPHQWDOGDWD7KHVHPHWKRGVFDQEHXVHGWRSUHGLFWWKHZHOGLQJUHVSRQVHVZLWKLQWKHH[SHULPHQWDOGHVLJQ7KH
RSWLPXPSDUDPHWHUYDOXHVGHWHUPLQHGE\WKHWZRPHWKRGVDUHDOPRVWVDPHDQGLWLQGLFDWHVWKDWWKHSUHGLFWHGDQGWKH
H[SHULPHQWDOYDOXHVKDYHDJRRGFRUUHODWLRQ 7KHIULFWLRQ VWLUZHOGLQJSURFHVVXVHGVXFFHVVIXOO\ WR MRLQGLVVLPLODU
DOXPLQLXPDOOR\V$$DQG$$7HQVLOHVWUHQJWKRI03DDQGKDUGQHVVDV9+1ZHUHREWDLQHG
ZLWKWKHSURFHVVSDUDPHWHUFRPELQDWLRQUSPDVWRROURWDWLRQDOVSHHGPPPLQDVZHOGLQJVSHHGZLWK7&7
WRRO FRPSDUHG WR DOO RWKHU FRQGLWLRQV IURP WKH FRQILUPDWRU\ H[SHULPHQWV 7KH 6WLUUHG ]RQH KDV KLJKHU VWUHQJWK
FRPSDUHGZLWKWKH+$=DQG70$=EHFDXVHRIWKHVPDOOHUJUDLQVL]HDWWKLV]RQH7KHKLJKHUKDUGQHVVYDOXHVDUH
REVHUYHGZKHQWKHIUDFWXUHORFDWLRQLVDWWKHERG\RIWKHEDVHPHWDORUDWWKH+$=ZKLFKKDVORZHUKDUGQHVVYDOXH
LQFRPSDULVRQZLWKWKHVWLUUHG]RQH7KHIUDFWXUHORFDWLRQRIWKHMRLQWVZDVLQWKH+$=RI$$VLGHGXHWRORZHU
KDUGQHVVYDOXH7KHUHDVRQIRUWKHORZHUYDOXHFDQEHDWWULEXWHGWRWKHSRRUIXVLRQRIWKHWZRSODWHV
5HIHUHQFHV
7KRPDV:01LFKRODV('1HHGKDP-&0XUFK0*7HPSOHVPLWK3'DZHV&-,PSURYHPHQWVUHODWLQJWR)ULFWLRQVWLU
:HOGLQJ ,QWHUQDWLRQDO 3DWHQW $SSOLFDWLRQ 3&7*%3DWHQW
1DQGDQ 5 'HE5R\7%KDGHVKLD+.'+ 5HFHQWDGYDQFHV LQ IULFWLRQVWLUZHOGLQJ 3URFHVVZHOGPHQWVWUXFWXUHDQGSURSHUWLHV
3URJUHVV LQ0DWHULDO6FLHQFH 
5H\QROGV$3  0LFURVWUXFWXUHGHYHORSPHQW LQDOXPLQLXPDOOR\ IULFWLRQVWLUZHOGV ,Q0LVKUD56 0DKRQH\ 0: (G)ULFWLRQ6WLU
:HOGLQJDQG3URFHVVLQJ 0DWHULDOV 3DUN2KLR$60,QWHUQDWLRQDO
/DNVKPLQDUD\DQDQ $. %DODVXEUDPDQLDQ9 (ODQJRYDQ .  (IIHFWRIZHOGLQJSURFHVVHVRQWHQVLOHSURSHUWLHVRI$$DOXPLQLXP
DOOR\MRLQWV ,QWHUQDWLRQDO-RXUQDO$GYDQFH0DQXIDFWXULQJ 7HFKQRORJ\
&DYDOLHUH 3 'H 6DQWLV$ 3DQHOOD ) 6TXLOODFH$  (IIHFW RIZHOGLQJ SDUDPHWHUV RQPHFKDQLFDO DQGPLFURVWUXFWXUDO SURSHUWLHV RI
GLVVLPLODU$$± $$MRLQWVSURGXFHGE\IULFWLRQVWLUZHOGLQJ0DWHULDO 'HVLJQ ±
0RUHLUD36DQWRV77DYDUHV65LFKWHU99LODoD3'H&DVWUR3  0HFKDQLFDODQGPHWDOOXUJLFDOFKDUDFWHUL]DWLRQRI IULFWLRQVWLU
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